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1 METHOD FOR THE IN VITRO PRODUCTION OF PROTEIN FROM A 

2 DMA SEQUENCE WITHOUT CLONING. . 

3 

4 GOVERNMENT INTEREST 

5 The instant invention can be practiced by or on behalf of the U.S. Government 

6 without payment of any royalties thereon. 

7 FIELD OF THE INVENTION 

8 This invention pertains generally to the field of molecular biology and particularly 

9 to the production of RNA and protein in vitro. 

10 BACKGROUND OF THE INVENTION 

11 The in vitro transcription and translation of DNA segments, or genes, are 

12 powerful tools to examine the structure-function relationship of proteins. The in vitro 

13 transcription of DNA into mRNA and its translation into protein is now done by cloning 

14 the DNA of interest into a plasmid which contains a promoter site for binding of a RNA 

15 polymerase protein. The recombinant DNA procedures for this cloning, while fairly 

16 straightforward, are time consuming, expensive and tedious and as a consequence 

17 extensive recombinant manipulation of cloned DNA is kept, in reality, to a minimum. 

18 The cloning procedure requires isolation of the DNA fragment, genetic engineering of 

19 proper ends onto the molecule, ligation into a enzyme digested prepared plasmid, 

20 transformation of that ligated DNA into bacteria, selection of transformants and then 
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purification of the ligated plasmid. This plasmid must then be digested with a suitable 
enzyme at a point in or after the gene in order to end transcription. Plasmid is then 
purified and in vitro transcribed into mRNA. This mRNA is translated into protein. The 
disadvantage of the above described in vitro manipulations is that the entire procedure 
can take as long as two or more months for each single construct that is made. 

One approach, for example, to express a gene fragment would involve the 
following steps. First the DNA fragment would have to be purified This can be done 
by restriction digestion or by the polymerase cha'n reaction (PCR). Second, the ends 
of the DNA fragment would have to be modified to be compatible with the end 
sequences in the cloning vector. If a suitable start signal or "ATG" codon did not exist 
one would have to add this. Suitable vectors for transcription of DNA fragments are 
commercially available (Jendrisak, et aL, patent # 4,766,072). These usually contain 
the T-7 or SP-6 polymerase sites but not a ribosome binding site or enhancers of 
translational activity as has been reported (Jotting, S.A. et al., (1987) Nature:325, 622- 
625). Therefore a ribosome binding site has to be added to the fragment and if 
desired, a sequence which can act as an enhancer of translational activity can be 
added. After all these manipulations are done the modified DNA fragment is ligated 
into the prepared vector plasmid by the use of the enzyme T-4 ligase and transformed 
into bacteria by electroporation or absorption. Bacteria which have taken up plasmids 
are identified by plating on nutrient agar plates containing an antibiotic to which 
resistance is confirmed by an antibiotic resistance gene on the same plasmid. Single 
colonies are isolated and analyzed for plasmids with inserts of the desired DNA 
fragment Once a done is selected it is grown, usually in liter quantities, and the 
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plasmid purified from the bacteria by ultracentrifugation and CsCI banding. The 

2 purified DNA, now in a closed circular configuration, is digested with an appropriate 

3 restriction enzyme to linearize it before transcription. 

4 Transcription, or the synthesis of RNA off a DNA template, is accomplished with 

5 the use of a RNA polymerase such as T7 RNA polymerase. The other reagents 

6 needed are the linearized DNA template, salts, buffer and ribonucleotides. Commercial 

7 kits are available to perform this synthesis. Once the RNA is made, If It contains an 

8 open reading frame of codons it may be translated into a protein. This is done in vitro 

9 with the aid of wheat germ extract, rabbit reticulocyte lysate or bacterial lysate extract, 

10 all commercial available or easily made by a competent technician. Such protein can 

1 1 be made with the incorporation of radiolabelled amino acids to aid in the analysis of 

12 the product 

13 The discovery of PCR ( Mullis, et al., patent # 4,683,202) made it possible to 

14 amplify portions of DNA without the need for cloning (Saika, R.K., et al. (1988) Science 

15 239:487-491). The key reagent in the PCR reaction is a thermostable DNA polymerase 

16 (Taq polymerase) isolated from Thftrmus aouaticus. With the selection of the 

17 appropriate oligonucleotide primers which flank the desired segment of DNA to be 

18 amplified, appropriate buffer, and deoxynucleotides, a single DNA segment can be 

19 amplified a million fold. The use of this method and the uniqueness of the universal 

20 promoter used in the manner outlined by this invention allow the implementation of the 

21 method described here as E-PCR to preform the above manipulations in one to two 

22 days. 
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SUMMARY OF THE INVENTION 

In accordance with the present invention, it is possible to make in vitro a DNA 
construct that contains a site of RNA polymerase binding, an enhancer of translational 
activity, a ribosome binding site and a "start codon" or ATG sequence in front of any 
desired DNA fragment in order to obtain RNA copies which can be translated in vitro. 

It is, therefore, also, an object of the present invention to make these gene 
fragments quickly and easily, by one reasonable skilled In the art of recombinant DNA 
technology, without the need to clone the DNA fragment into a plasmid vector. 

it is a further object of the present invention to describe a double stranded DNA 
fragment, which we call a "universal promoter" which is spliced to the DNA fragment of 
interest by the process of splicing by overlap extension (SOE), which allows in vitro 
transcription of a mRNA molecule which has the required elements for efficient 
translation into protein. 

These and other objects, features and many of the attendant advantages of the 
invention will be better understood upon a reading of the following detailed description 
when considered in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is the double stranded sequence of the first construct of universal 
promoter (UP-1) showing the site of binding of the T7 RNA polymerase, the 
untranslated leader sequence (UTL) from alfalfa mosaic virus (AMV) and the triplet 
codons for the amino acids MET and ALA. 

FIG. 2 is the double strand sequence of the what is generated when UP-t is 
spliced to DNA fragment of interest by SOE using primer H3T7 as the forward primer. 
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FIG. 3 is the double strand sequence of the second construct of a universal 

2 promoter (UP-3) which differs from UP-1 by the modification of the 3' end. 

3 FIG. 4 is the double strand sequence of the what is generated when UP-3 is 

4 spliced to DNA fragment of interest by SOE using primer H3T7 as the forward primer. 
' 5 FIG. 5 is the sequences of the oligonucleotide primers used in the construction 

6 and testing of the universal promoters 

7 FIG. 6 is a diagrammatic outline of the steps used in the expression PCR 

8 reactions. The double stranded DNA and oligomers are represented by lines and 

9 arrows indicating the 5* to 3* orientation. Oligomers are denoted by bold upper-case 

10 letters and amplified products by the steps 1-3. The univeral promoter is first made 

1 1 from primers pUP1 and pUP3 (step 1). The gene to be expressed is amplified from 

12 genomic or plasmid DNA using primers A and B. Because primer A has nucleotides at 

13 its 5' end complimentary to the 3' end of the universal promoter the amplified product 

14 (step 3) has a region homologous to the 3* end of the universal promoter at its 5' end. 

15 The products of step 1 and step 2 are mixed with primer H3T7 primer B (boxed 

16 reaction) and amplified in a two step PCR analogous to splicing by overlap extension. 

17 Initially no primers are added and each DNA strand acts as primer and a template for 

18 the other to produce the recombinant molecule composed of the T7 promoter and the 

19 untranslated leader sequence spliced in frame to the gene of interest. This molecule 

20 used as a template for in vitro transcription and translation without further processing 

21 (step 4). 

22 RG. 7 is an immunoprecipitatJon of E-PCR product of a "repeatless" gene 

* 23 construct of the P. falciparum CS gene. mRNA was produced by the E-PCR method 
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1 and translated in a rabbit reticulocyte lysate cell-free system in the presence of [ 35 S] 

2 and analyzed by 0.1% SDS - 15% PAGE and autoradiography (lane a). Translated 

3 repeatless CS protein was immunoprecipitated only by antisera against the repeatless 

4 portion of the protein (lane c) and not by antibodies to the repeat region (lane b) or by 

5 antibodies specific for the CS protein of P. berghei (lane d) or by protein A alone (lane 

6 e). 

7 Fig. 8. is the analysis of two different E-PCR constructs of the EBA-175 gene. 

8 Immunoprecipitation and specific binding to RBC's are shown. The EBA-175 mRNA's 

9 produced by the E-PCR method were translated in a wheat germ cell-free system in 

10 the presence of [ 3 H]leucine and analyzed by 0.1% SDS - 15% PAGE and 

1 1 autoradiography (lanes 1 and 3). Translated protein was immunoprecipitated by 

12 antipeptide 4 sera (lane 2) which recognized a peptide within this construct Full 

13 length protein product made in lane 3 bound to RBC's susceptible to invasion by P. 

14 falciparum merozoites (Jane 4). 



15 DETAILED DESCRIPTION OF INVENTION 

16 The above objects and advantages of the present invention are achieved by the 

17 use of the "universal promoter" in the procedure described by us as expression 

18 polymerase chain reaction (E-PCR). This invention allows selective in vitro 

19 transcription of DNA in accordance with the invention without the need to clone the 

20 piece of DNA into a plasmid vector. The active polymerase binding site (FIG 1 , 
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1 positions -1 to -17) described in this invention is the one for viral T7 RNA polymerase, 

2 however, any promoter site may be used that corresponds to the RNA polymerase 

3 that win be employed for the transcription of the DNA. Promoter srtes for surtable 

4 polymerases that could be used are those for the SP6 polymerase, the T3 or N4 

5 phage po^merase or the ghl promoter. Many other poiymerases and the promoters 

6 they recognize can be used in accordance with the invention. 

7 The untranslated leader (UTL) sequence between the T7 promoter and the initial 

8 ATG codon (FIG. 1 . posMons + 1 to + 38) Is derived from the coat protein mRNA of the 

9 alUh mosaic virus (AMV). In Vrtro translation of mRNA is often dependent on the 

10 presence of, and character^ of. an UTL sequence 5' to the initiation oodon. It has 

11 previously been shown that replacement of a gene's native UTL with the UTL 

12 sequence of AMV can increase translation* efficiency as much as 35-fold (Joblin, 

13 Nature, id.). This enhanced expression may be explained in part by a decreased 

14 requirement for transnational initiation factors by mRNA containing the AMV UTL 

15 sequence. Additionally, the efficiency of translation may be poor if the AUG (in the 

16 mRNA) inflation codon lies too close or too far from the 5'-end of the mRNA (Struhl, K. 

17 (1989), Current Protocols in Mol. Biol., 10.17.1-10.17.5) if the initiation codon resides in 

18 a poor sequence context (Kozak M., (1986) Ce» 44:283-292); is inaccessible due to 

19 secondary structure of the mRNA (Pelletier, J. et al., (1985) Cell 40:515-526); or I there 

20 are increased requirements of translation initiation factors (Browning, K.S. et al, (1988) 

21 J. Biol Chem. 263:9630-9634). Other UTL sequences could be substituted for this 

22 AMVUTL 
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1 The number of nucleotides required upstream of position -17, the first specific 

2 nucleotide required for T7 RNA polymerase binding, is not known. The least number 

3 of nucleotides shown to be required is 5 (Milligan, J.F., et al, (1987) Nucleic Acids Res. 

4 21:8783-8798; Ikeda, R.A., et at. (1986) PNAS 83:3614-3618). Tests to determine a 

5 number fewer than this have not been reported. Milligan (1987, Nucleic Adds Res. id.) 

6 reports that unlike E. coli RNA polymerase the presence of long, non-specific 5' 

7 flanking ONA does not lead to significant rate enhancement of the polymerase activity 

8 either. Footprint analysis (Ikeda, PNAS, id.) indicates that the sequence of the 

9 upstream fragments is not critical except that at least 5 nucleotides are probably 

10 needed to stabilize the protein-DNA interaction of the polymerase with the promoter 

1 1 site. The original construction of the UP-1 (FIG.1) contained only 3 nucleotides 

12 upstream from the -17 nucleotide. This construct did not give efficient transcription of 

13 the downstream DNA into RNA. In order to lengthen the upstream sequence we 

14 designed primer H3T7 (FIG. 5) which adds nine nucleotides upstream of the -17 

15 position. This primer was used in the third step of the E-PCR reaction (EXAMPLE 3, 

16 below) and resulted in UP-2 which gave increased transcriptional activity. The 

17 nucleotides selected for this extension contain the site of the Hind III restriction 

18 endonudease only for future considerations of cloning the UP, and are not meant to 

19 be specifically needed. Further minor modifications in the universal promoter 

20 sequence were made at the 3* end to facilitate primer design for the SOE reaction (see 

21 EXAMPLE 1). 

22 The term "universal promoter" (UP) as used herein is intended to indicate a 

23 double stranded DNA fragment which has the characteristics of nine nonspecific base 
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1 pairs of nucleotides 5' to the known sequence for initial binding of a mRNA 

2 polymerase, like but not limited to T7 RNA polymerase, followed by 38 nucleotides 

3 describe as an -untranslated leader (UTL) sequence" derived from the coat protein 

4 mRNA of the alfalfa mosaic virus (AMV) and ending in a 7 (UP1) or 9 (UP3) 

5 nucleotides base pairs beginning with "ATG" initiation codon. 

6 The following examples are provided as illustrative of the methods used for the 

7 generation of DNA fragments in accordance wfth the invention, the construction of the 

8 unfcersa. promoter, the splicing of the universal promoter to a desired DNA fragment, 

9 the methods for in vitro production of RNA coded by the DNA and its translation in 

10 vitro into protein. 
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1 



EXAMPLE 1 



3 



2 



Construction of th< ? Universal promoter 
A universal promoter-1 having the sequence shown in FIG. 1 was constructed 



4 by primer-dimer formation in a polymerase chain reaction (Saika, R.K., et al. (1988) 

5 Science 239:487-491; Browning, K.S., (1989) Amplifications 3:14-15.) from the primers 

6 pUP1 and pUP2 shown in FIG. 5. The two primers pUP1 and pUP2 were synthesized 

7 on an Applied Biosystems 380B DNA synthesizer, deprotected by ammonium 

8 hydroxide treatment and desalted by passage over a Pharmacia PD-10 column 

9 containing Sephadex G-25 as described (Jayaraman, K., (1987) Biotechiques 

10 5(7):627). They were added together in a PGR reaction and because their last five 3" 

1 1 nucleotides were complementary, amplified each other in a primer-dimer formation 

12 reaction. The double stranded universal promoter-1 was applied to an agarose gel to 

13 electrophorese away unextended single stranded primers. Trie double stranded 

14 universal promoter-1 was visualized by ethidium bromide staining and the area of the 

15 gel containing the universal promoter-1 band was excised and stored in a 1 .5 ml 

16 polypropylene microcentrifuge tube. The sequence of pUP1 was designed to include 

17 the T7 rna polymerase binding site and part the of UTL sequence of AMV. The 

18 sequence of pUP2 was designed to include the remaining complementary downstream 

19 sequence of the AMV UTL with a five base overlap complementary to the UTL 

20 sequence of pUP1 , and a start translation 'ATG' codon. An additional feature was the 

21 design of a Nco 1 restriction endonuclease site around the 'ATG* codon to facilitate 

22 future cloning if desired (FIG 1 .). 
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1 Further modifications were made to the invention to improve it. In the design of 

2 the splicing primer forgetting to add two bases between the universal promoter- 

3 1 

4 specific sequence and the gene specific sequence often lead to primers that did not 

5 work correctly in the invention. Therefore the universal promoter-1 was redesigned 

6 with these two nucleotides added to the 3* end by making a new reverse primer pUP3 

7 (FIG 5) for the primer-dimer construction of a universal promoter-3. This construct had 

8 the added improvement of using additional cytosines and guanines to increase the T„ 

9 of the overlap in the SOE reaction by changing the codon usage for the LEU amino 

10 acid. Additionally, in order to increase specificity in the splicing by overlap extension 

1 1 step of the procedure the universal promoter-3 was redesigned to include nine base 

12 pairs upstream from the -1 7 site of the T7 promoter binding site (Fig 4) and called 

13 universal promoter-4. 

14 Specifically, 100 pmols of pUP1 and pUP2 were added in a final 100ul reaction 

15 containing 200 uM each dNTP (dATP, dGTP, dCTP, dTTP), 10ul 10X reaction buffer 

16 (10X reaction buffer consists of 100mM Tris-HCI, pH8.3, 500 mM KCI, 15 mM MgCJj, 

17 0.01% (w/v) gelatin) and 2.5 units Taq DNA polymerase. The reaction was amplified 

18 by 20 cycles each of 2 min at 94° C, 2 min at 50° C, 2min at 72° C. The last cycle was 

19 followed by an incubation at 72° C for 7 min. The reaction was extracted one time with 

20 1 00 ul of chloroform, precipitated by adding 50 ul of 7.5M ammonium acetate and 2 

21 vols of 100% ethanol and placing at -20° C for 30 min. The sample was centrifuged, 

22 the precipitate washed with cold 80% ethanol and resuspended in 20 ul of TE (10mM 

23 Tris, pH 8.0, 1mM EDTA), and loaded onto an agarose gel consisting of 2% NuSieve 
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agarose, 1% Seakem agarose, 0.5ug/ml ethidium bromide, 1XTAE buffer (10X Buffer 
is 0.4M Tris Base, 0.2M sodium acetate, lOmM EDTA, pH7.2). The gel was 
electrophoresed for 30min in 1XTAE buffer and the band excised and stored in a 
1.5ml polypropylene microcentrifuge tube at -20° C. 



5 EXAMPLE 2 

6 pftRrrfthe DN Anf interest 

7 Synthesis of the gene segment of interest was done by the standard PCR 

8 technique. Oligonucleotide primers for the PCR reaction were synthesized and purified 

9 as described in EXAMPLE 1. The key to designing the primers required for this 

10 invention was to include on the 5' end of the splicing primer A (FIG. 5) the same 

11 sequence of 7 nucleotides as the last 7 nucleotides on the 3' end of the universal 

12 promoter-1 with the addition of two bases so the gene segment of interest was in the 

13 correct reading frame with the start of translation signal (ATG) of the universal 

14 promoter-1. The bases chosen were selected to give the amino acid LEU upon 

15 translation. If universal promoter-3 or universal promoter-4 were to be used the 5' end 

16 of the splicing primer A needed to be the same as the last 9 nucleotides on the 3' end 

17 of the universal promoter. The remaining 18 nucleotides of splicing primer A were 

18 specific to the DNA segment of interest, in this example a gene segment on the coding 

19 strand of EBA-175 (Sim, et al 1990). The sequence of the reverse primer was specific 

20 to a downstream segment of the same gene but on the complementary strand. The 
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1 double stranded piece of specific DNA that was amplified and because of the design of 

2 splicing primer A could be spliced by overlap extension PCR (SOE-PCR) (Horton, 

3 R.M., et al, (1989) Gene 77:61-68) to the universal promoter. 

4 Specifically, the splicing primers A and the reverse primer B (RG. 5) were 

5 synthesized on an Applied Kosystems DNA synthesizer (model 380B) and deblocked 

6 with ammonium hydroxide treatment and desalted over a PD10 column. For the PCR 

7 reaction 50 pmol of each primer were added in a final 100ul reaction with 10 ng 

8 template DNA (the EBA-175 gene cloned into a plasmid), 200 uM each dNTP, 10ul 10X 

9 reaction Buffer and 2.5 units Taq DNA polymerase. The reaction was amplified in an 

10 automated thermal cycler (Perkin Elmer Cetus) using 25 cycles (each consisting of 2 

11 min at 94° C. 2 min at 50° C, 2 min at 72° C) followed by a 7 minute incubation at 72° 

12 C. The PCR products were separated on a 2% LMP NuSieve agarose gel and the 

13 DNA bands were excised and stored at 4° C until spliced to the universal promoter by 

14 a SOE-PCR reaction. 



15 
16 
17 



EXAMPLE 3. 
linin g hy ^/flriap exten yiftp, nf the up t0 tne qec 
in order to splice the universal promoter to the DNA fragment of interest the 

18 agarose containing the universal promoter made in EXAMPLE 1 and agarose 

19 containing the gene of interest, made in EXAMPLE 2, were melted at 60° C, and 2 ul of 

20 melted agarose containing 25ng of each DNA were added together, without primers, in 

21 a single PCR reaction of a final 90 ul volume containing 9 ul 10X reaction buffer and 

22 200 uM each dNTP, 1.3 units Taq polymerase for 15 cycles (each consisting of 2 min 
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at 94° C, 2 min at 25° C, 2 min at 72° C). Then 50 pmol of primers H3T7 and the 
reverse primer B (FIG. 5) and an additional 1.3 units of Taq polymerase were added in 
10 ul 1X reaction buffer and the amplification continued for 25 cycles (each consisting 
of 2 min at 94° C. 2 min at 55° C, 2 min at 72° C). The PCR products were extracted 
with chloroform, precipitated with ethanol, and resuspended in 10 ul RNAse-free water. 



EXAMPLE 4. 
In vitro trans ition of DNA templates 

The DNA of interest spliced to the universal promoter was transcribed into 
mRNA in vitro with the use of a commercially available m vitro transcription kit (Pro- 
Mega, Madison, Wl). This reaction makes mRNA molecules that have at their 5' ends 
a site for ribosome binding, an enhancer of translational activity and a start AUG codon 
in correct reading frame with the desired sequence downstream from it. Regions 
transcribed are not dependent on the presence of restriction enzyme sites, but are 
dictated by the selection of the original primers in EXAMPLE 2. This allows all 
molecules to Initiate and end at any desired point within the open reading frame of the 
gene. Extra primers left from the PGR reaction do not have to be removed as they do 
not interfere with the transcription reaction and do not bind to the native T7.RNA 
polymerase. 
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! One microliter of DNA template produced by E-PCR (EXAMPLE 3) was added 

2 to a 50 ul transcription reaction containing 40mM Tris HCL pH 8.0; 8mM MgCI 2 ; 2mM 

3 spermidine; 10 mM NaCI; 10 mM DTT; 40 unrts of RNasin (Pro-Mega); 500 uM each 

4 of ATP. CTP, GTP, and UTP; and 25 units of T7 RNA polymerase (Pro-Mega). The 

5 reaction was incubated at 37*C for 60 minutes. The DNA template was digested with 1 

6 unit of RQ1 DNase (Pro-Mega) at 37'C for 15 minutes, followed by phenol extraction, 

7 ethanol precipitation, and resuspension in 10 ul RNase-free water. 



8 EXAMPLE 5. 

g m i/itrn translat ion of protein 

10 The mRNA transcribed from the E-PCR DNA template can be translated in vitro 

11 using a variety of commerciaJly available systems that include rabbft reticulocyte tysate, 



12 
13 
14 



wheat germ extract or bacterial extract. These systems each contain the endogenous 
cellular components necessary for protein synthesis: ribosomes; tRNA; and initiation, 
elongation, and termination factors/ A mixture of amino acids is added, one or more of 

15 which can be labeled with a radioactive marker to allow quantrtation and analysis of the 

16 protein product The optimum potassium acetate and magnesium acetate levels for 

17 each particular mRNA should be determined for htf* efficient translation of the 

18 mRNA. Additionally, the mRNA may be iniected into in vivo translation systems such 

19 as frog oocytes. Therefore, following fairly standard protocols radiolabeled protein can 

20 be produced which can be used in a functional assay such as precipitation with 
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1 specific antibody or binding to a specific receptor. 

2 Specifically, for translation of the mRNA (EXAMPLE 4) in a rabbit reticulocyte 

3 system, the mRNA was heated to 67° C for 10 min and immediately cooled on ice. 

4 This increases the efficiency of translation, especially of GCrich mRNA, by destroying 

5 local regions of secondary structure. The reagents of the translation mixture were 

6 added in a 0.5ml polypropylene microcentrifuge tube (35ul nuclease treated lysate, 7ul 

7 water, 1ul RNasin ribonuclease inhibitor (at 40u/ul), 1ul mM amino acid mixture (minus 

8 leucine), 1 ul mRNA substrate, 5ul 5 H-leucine (l00-200Ci/mmole) at 5mCi/ml). This 

9 reaction is incubated at 30° C for 60 min. 
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EXAMPLE 6 

| m p.nnpraripftali o n "f in vitrn translated nrotpio with Specific antibod y 
This example illustrates the use of this method to check that a cloned gene is in 
the correct reading frame or that mutations have not been introduced during cloning 
manipulations that could alter the reading frame of the expected recombinant product. 

6 The protein product of a gene cloned in the correct reading frame produces an 

7 epitope that is recognized by antibodies specific to epitopes on that protein. 

8 Using the appropriate primers for the 5' and 3' ends of the gene the DNA 

9 segment of interest can be amplified directly, as in EXAMPLE 2, from a bacterial colony 

10 and that PCR product can be spliced to the universal promoter^ as in EXAMPLE 3; 

11 transcribed into mRNA as in EXAMPLE 4; and translated into protein as in EXAMPLE 

12 5. This protein can then be immunoprecipitated with antibodies against epitopes 

13 specific to the protein (FIG 7). 

14 Specifically, a DNA construct was made of the gene for the drcumsporozoite 

15 protein of Plasmodium falciparum that did not code for the internal repeated peptides. 

16 This construct, called Vepeatless", was cloned into a plasmid vector, pADE171 and 

17 transformed into the bacteria Salmonella typhimurium. After construction and 

18 transformation it was of interest to determine whether or not the gene could encode 

19 the correct 'repeatless" protein. Production of the protein in Salmonella is minimal 

20 under in vitro growth conditions. Therefore, E-PCR was employed to answer the 

21 question. A single colony of bacteria on an agar plate was touched with a sterile 

22 toothpick and adherent bacteria were lysed by placing the toothpick into 10 ul of 0.1 N 

23 NaOH for 10 min at room temperature. The solution was neutralized with 10 ul of 0.5M 



1 
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Tris, pH 7.5 and the 20 ul added to 980 ul of water. After mixing well, 10 ul of this was 

2 used in a standard PCR reaction as in EXAMPLE 2 with a 'splicing primer" (T7CS) 

3 specific for the 5' portion of the gene and the 3' end of the universal promoter-3 and a 

4 reverse primer (RAS 2) specific to the 3' end of the gene of interest The first 9 

5 nucleotides of T7CS were the same as the last 9 nucleotides of the universal promoter- 

6 3 to allow splicing of the product to the universal promoter-3. After the PCR reaction 

7 the product was electophoresised in a 0.8% agarose gel and the band containing the 

8 amplified DNAcut out and stored in a 1.5ml polypropylene microcentrifuge tube at - 

9 20° C. The DNA was spliced to the universal promoter-3 as in EXAMPLE 3; 

10 transcribed Into mRNA as in EXAMPLE 4; and translated into protein as in EXAMPLE 5 

1 1 in the presence of 35 S-methionine. About 100,000 cpm were added to antibody that 

12 was specific to either the repeat region (which should not be made in this construct), 

13 the non repeat region, the CS gene product of Plasmodium berghei, or normal rabbit 

14 antibody. The mixture was allowed to react for 1 hr at room temperature and then 

15 Protein A-Sepharose beads were added for 1 hr. After this time the beads were rinsed 

16 and the antibody-protein complex eluted off in 50 Ul of 2x SDS gel loading Buffer and 

17 10 ul of this mixture analyzed on a 4 to 20% acrylamide denaturing gel. As shown in 

18 Fig. 5 only the antibodies specific to the nonrepeat region of the Plasmodium 

19 falciparum CS gene precipitated the gene product. Consequently by E-PCR it was 

20 indicated that the gene cloned into Salmonella was in the reading frame to be correctly 

21 translated in to the desired protein product. 
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1 EXAMPLE 7 

2 Binding studies of in vitro tra nslated E-PCR products 

3 This example illustrates the use of this method to rapidly produce a protein 

4 which has a specific functional property, e.g. the ability to bind to red blood cells. 

5 Using the technique with on a plasmid containing the entire EBA-175 sequence 

6 a 519 bp gene product was amplified as indicated in EXAMPLE 2 using oligo primers 

7 EBA-D (5'-ATGGCATTACGTACGGATGAACGAAA-3') and EBA-E (5'- 

8 ACGf GGATCCCTACTCrGTATCAGAACTTC-S'). This DNA fragment encodes a 

9 punitive red blood binding domain polypeptide. The DNA fragment was linked to UP3 

10 as indicated in example 3 and the product in vitro transcribed and translated as in 

1 1 EXAMPLES 4 and 5. As shown in FIG 8, lane A, several size products are translated 

12 from the mRNA, most probably due to incomplete synthesis by the ribosomes or 

13 truncated mRNA molecules. However, as shown in lane B, only full length polypeptide 

14 bound to red blood cells. 

15 REFERENCES 

16 4,766,072 7/17/85 Jendrisak et al. 

17 4,683,202 3/1 1 /85 Mullis et al. 

18 Browning, K.S. et al. J. Biol. Chem. 263, 9630-9634, 1988. 

19 Browning, K.S. Amplifications 3, 14-15, 1989. 

20 Ho, S.N., et al., Gene 77, 51-59, 1989. 
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Horton, R.M. et al. Gene 77, 61-68, 1989. 

2 ikeda, RA et al. Proc. Natl. Acad. Sci. USA 83, 3614-3618, June 1986 

3 Jayaraman, K., Biotechiques 5(7):627, 1987. 

4 Jobling, S.A. et al. Nature 325, 622-625, 1987. 

5 Kozak, M. Cell. 44, 283-292, 1986. 

6 Krieg, PA et al. Nucleic Acids Res. 12, 7057-7070, 1984. 

7 Milligan, J.F. et al. Nucleic Acids Res. 21, 8783-8798, 1987. 

8 Pelletier, J. et al. Cell 40, 515-526, 1985. 

9 Saiki. R.K. et al. Science, 239, 487-491 , January 1988. 

10 Sim, B.K.L et al. J. Cell Bio., 111 (5) November 1990. 

11 The patents and scientific publications referred to herein are considered relevant 

12 to the instant invention and said patents are hereby expressly incorporated by 

13 reference. 

14 It is understood that the invention is not limited to the particular embodiments 

15 specffically disclosed herein as exemplary, but embraces such modified forms thereof 

16 as come within the scope of the following claims. 
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What is claimed is: 

1. A method for producing in vitro proteins of a 
selected DNA sequence without cloning, comprising the steps of: 

a. synthesizing a universal promoter selected from 
the group consisting essentially of the promoters represented 
by Figures 1, 2, 3, and 4, each promoter comprised of double 
stranded DNA having a RNA transcription promoter sequence 
followed by an untranslated leader sequence that enhances 
translation activity, followed by three codons the first of 
which is comprised of the nucleotides coding for the codon of 

the amino acid methionine; 

b. Synthesizing of an oligonucleotide primer whose 
3' sequence is complementary to the 5' ending of the sense 
strand of the universal promoter and adds 4 or more nucleotides 
upstream of the -17 position of the universal promoter; 

c. synthesizing an oligonucleotide primer (splicing 
primer) whose sequence is the same as those nucleotides of the 
universal promoter beginning with the ATG codon for methionine 
and having the remaining nucleotides the same as, and in 
reading frame as, the gene segment of interest said 
oligonucleotide primer being about 12 to about 21 nucleotides 
in length to specifically anneal to the gene segment of 
interest. 
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d. synthesizing an oligonucleotide primer "reverse 
primer" whose sequ nee is the same as a segment of the 
complementary strand of the gene of interest but downstream 
from the splicing primer such that splicing and reverse primers 
flank the gene segment of interest; 

e. amplifying the gene segment of interest by the 
polymerase chain reaction using the splicing and reverse 
primers ; 

f . splicing and amplifying the universal promoter 
and the gene segment of interest using a universal promoter of 
step 1(a) the gene segment of interest of step le, primers H3T7 
of step lb and the reverse primer of step Id by the process 
known as "splicing by overlap extension-PCR" ; 

g. purifying and concentrating the amplified 
universal promoter-DNA segment formed in step 1(f) by 
chloroform extaction and ethanol precipitation and resuspending 
said universal promoter-DNA segment in an aqueous solution; 

h. adding to the universal promoter-DNA of step (g), 
the phage encoded RNA polymerase specific to the phage promoter 
in said universal promoter in a FNA generating medium to 
provide RNA copies of the selected DNA sequence; 

i. adding the RNA produced in step (h) to a 
cell-free or intracellular translation system to provide 
translation of the RNA into protein. 
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2. A method according to Claim 1 wherein the double 
stranded DMA sequence synthesized is th sequenc of the 
universal promoter- 1 represented by Figure 1. 

3. A method according to Claim 1 wherein the double 
stranded DMA sequence synthesized is the sequence of the 
universal promoter-2 represented by Figure 2. 

4. A method according to Claim 1 wherein the double 
stranded DNA sequence synthesized is the sequence of the 
universal promoter-3 represented by Figure 3. 

5. A method according to Claim 1 wherein the double 
stranded DNA sequence synthesized is the sequence of the 
universal promoter-4 represented by Figure 4. 

6. A method accoridng to Claim 1 wherein the promoter 
sequence is each universal promoter of step (a) is the T7 late 
phage promoter sequence. 

7. A method according to Claim 1 wherein the promoter 
sequence is each universal promoter of step (a) is the promoter 
sequence recognized by any RNA polymerase. 

8. The method of Claim 1 wherein the untranslated leader 
sequence (UTL) of step (a) is of the alfalfa mosaic virus 
(AMV). 

9. A method according to Claim 1 wherein the 
untranslated leader sequence (UTL) of step (a) is an 
untranslated leader sequence of any protein which is shown to 
enhance translational activity of the downstream sequence. 



J 



WO 92/07949 PCT/US91/08291 

24 

10. A meth d according to Claim 2 wherein the universal 
promoter-1 represented by Figure 1 contains three nucl otides 
upstream of the -17 nucleotide of the T7 promoter and ends with 
the sequence ATGGCAT. 

11. A method according to Claim 3 wherein the universal 
promoter-2 represented by Figure 2 contains 9 nucleotide 
upstream of the -17 nucleotide of the T7 promoter, 

12. A method according to Claim 3 wherein the universal 
promoter-2 represented by Figure 2 contains at lease four (4) 
nucleotides. 

13. A method according to Claim 4 wherein the universal 
promoter-3 represented by Figure 3 contains three nucleotides 
upstream of the -17 nucleotide of the T7 promoter and ends with 
the sequence ATGGCACTG. 

14. A method according to Claim 5 wherein the universal 
promoter-4 represented by Figure 4 contains 9 nucleotide 
upstream of the -17 nucleotide of the T7 promoter. 

15. A method according to Claim 5 wherein the universal 
promoter-4 represented by Figure 4 contains at least four (4) 

nucleotides. 

16 . A method according to Calim 1 wherein the 
olignucleotide of step (b) is H3T7 represented in Figure 5. 

17. A method for producing a universal promoter by the 
process of primer-dimer formation in the polymerase chain 
reaction using the two oligonucleotide primers pUPl and pOT2 
represented in Figure 5, comprising the steps of t 
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a. mixing 100 pm Is each of pDPl and pUP2 in a final 
vol of 100 ul of a buffer containing 10 mM Tris-HCl, pH8.3, 50 
^ K CI, 1.5 mM MgCl 2 , 0.001% gelatin, 200 uM each dNTP (dATP, 
dGTP, dCTP, dTTP) and 2.5 units of Taq DNA polymerase; 

b. amplifying the mixture in 20 separate cycles of a 
polymerase chain reaction, each cycle being 2 min at 94°C, 2 
min at 50°C 

c. incubating the product of step b. at 72°C for 7 

minutes ; 

d. extracting the product of step c. one time with 
100 ul of cloroform, and adding 50 ul of 7.5H ammonium acetate 
and 2 vols of 100% ethanol to cause precipitation and placing 
the resulting at -20°C for 30 minutes j 

e. the mixture of step d. was centrifuged, the 
precipitate washed with cold 80% ethanol and ^suspended in 20 
ul of TE (lOmM tris, pH 8.0, ImM EDTA); 

f . loading the DMA in solution onto an agarose gel 
consisting of 2% KuSieve agarose, 1% SeaJcem agarose, 0.5ug/ml 
ethidium bromide, IX TAB buffer (10X Buffer is 0.4M Tris Base, 
0.2M sodium acetate, lOmM EDTA, pH7.2). 

g. subjecting the gel to electrophoresis for 30min 
in IX TAB buffer and the band excised and stored in a 1.5ml 
polypropylene microcentrifuge tube at -20°C. 
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18 . A method according to Claim 17 wherein the universal 
promoter is used without further purification by melting the 
gel in the polypropylene microcentrifuge tube at 65°C for 10 
min and adding 1 ul of melted agarose and DNA to the SOB 
reaction. 

19. A method according to Claim 17 wherein universal 
promoter is purified and quantified by isolating the fragment 
from the gel of step g. by electoelution or solid matrix 
binding (glass milk purification). 

20. The universal promoter- 1 represented by Figure 1. 

21. The universal promoter-2 represented by Figure 2. 

22. The universal promoter-3 represented by Figure 3. 

23. The universal promoter-4 represented by Figure 4. 
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